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DETAILED ACCOUNT 



1. Name of the Invention 

MICELLE-LIKE POLYMERS 



2. Scope of the Patent Application 

1. A mieelle-like polymer whose unit compound is represented as 
General Formula: CH3=CH-R (1) . 

(In this formula, R indicates a non-substitutable alkene of 5-30 carbons which contains, at the 
end, ionic functional groups or hydrophilic functional groups such as polyhydroxy and 
polyalkoxyl group, and which contains, in the middle, functional groups selected from amid, 
carbonyl group, hydroxyl group, thiol group, and hetero ring.) and that is obtained by 
polymerizing the vinyl body which is a micelle formed by aggregating a multiple number of unit 
compounds of the Formula (1) above. 

2. A micelle-like polymer which is stated in the Application Article #2 whose ionic functional 
group above is characterized by the fact that the functional group is selected from carboxylate, 
sulfonate, phosphate, ammonium salt, polyalkoxyl, and polyhydroxy group. 

3. Detailed Explanation of the Invention 

A. The Realm of the Industrial Use 

This invention deals with the micelle-like polymer. 



B . The Conventional Technique 

Interfacial active agents form micelles in water media above a certain concentration (cmc), and 
these micelles capture and dissolve fat-soluble solute. Nevertheless, below the cmc, interfacial 
active agents do not form micelles and cannot be used as a solute carrier. 

Also, as one of the usages of these micelles, the micelle cataphoresis (electrokinetic 
chromatography) is known which uses micelles of such interfacial active agents as dodecyl sodium 
sulfate. In particular, "micelle cataphoresis" by the micelle formed by optically-active interfacial 
active agents which utilizes chiral functional group, is noted as a new direct optical resolution 
method. 1 These micelles are stable only at the concentration above the cmc of each interfacial 
active agent, but resolve at the concentration below. Therefore, it was impossible to study and to 
use these micelles on wider ranges of the concentration of the interfacial active agents. 

C. Problems that This Invention Tries to Solve 

It is necessary to synthesize a stable structure in order for the interfacial active agent constituting 
the micelle to maintain its form even at the concentration below the cmc. Thus, it was attempted to 
produce a giant molecule structure bound by covalent binding, by polymerization of interfacial 
active agent molecules containing alkene. 

As an attempt to prepare micelle-like giant molecule structures, a method is known to use 
sodium- 10 undecenoate and 10-undecenyl trimethyl ammonium promid as the interfacial active 
agent, and to polymerize micelles formed in these agents by irradiating them to the gamma radiation 

1 Reference; A. Dobashi, T. Ono, S. Hara, J. Yamaguchi, Anal, chem, 61, 1984 (1989); A. 
Dobashi, T.Ono, S.Hara, J. Yamaguchi, J. Chromatogr., 480, 413 (1989) 



of cobalt 60. 2 However, a cenffin irradiating device of gamma radiatioSJ necessary for 
polymerization by gamma radiation of cobalt 60, and, furthermore, there has been no case yet to 
obtain a giant molecule structure by applying this method to interfacial active agents which contain 
the second functional group, such as amid group and hydroxyl group. 

D. Means to Solve the Problems 

This invention deals with a method to produce hydrophilic alkene which contains various 
functional groups and forms a micelle using water as media, and to produce a water soluble 
functional polymer by polymerization by projecting light on the micelle aqueous solution formed 
by this product, and with the resulting micelle-like giant molecule structure. Unlike normal 
interfacial active agents which form micelles only above a certain concentration (Critical Micelle 
Concentration, cmc) such as a hydrophilic alkyl derivative, this giant molecule structure shows the 
behavior and solubility of the micelle-like product with water as media regardless of its 
concentration, and it binds various oil soluble solute in water media. By selecting and introducing 
a functional group which selectively binds solute, selective capture and transport of solute from 
water media become possible and it can be used for the development of new methods for 
separation, analysis, and transportation. 

The inventors are proposing the method that introduces a functionality functional group which 
selectively binds to solute into a hydrophilic monomer, and furthermore, that efficiently 
polymerizes without altering this second functional group, and a micelle-like polymer whose unit 
compound is represented as 

General Formula: CH4=CH-R (1) 

(In this formula, R indicates a non-substitutable alkene of 5-30 carbons which contains, at the 
end, ionic functional groups or hydrophilic functional groups such as polyhydroxy and 
polyalkoxyl group, and which contains, in the middle, functional groups selected from amid, 
carbonyl group, hydroxyl group, thiol group, and hetero ring.) and that is obtained by 
polymerizing the vinyl body which is a micelle formed by aggregating a multiple number of unit 
compounds of the Formula ( 1) above. 

The ionic functional group above is characterized by the fact that the functional group is selected 
from carboxylate, sulfonate, phosphate, ammonium salt, polyalkoxyl, and polyhydroxy group. 

We attempted a vinyl polymerization by applying various methods using sodium carboxylate 
with amid group or alkenil ammonium salt with amid group as a monomer, and succeeded to 
obtain a high yield of vinyl polymer by irradiating a short wave length ultraviolet (such as a low 
pressure mercury lamp) onto the micelle solution. 

Upon comparing the function that binds to solute by electro chromatography, it was confirmed 
that a system to which this polymer was added and the other system to which a micelle of the 
corresponding monomer was added have roughly the same discriminating function, and it was also 
confirmed that separation behaviors were same after adding each of these materials and that a 
newly synthesized giant molecule structure has the same coupling form as the micelle. In other 
words, this structure is considered to have a carbon chain as a core to which carbon chains with the 
second functional group are attached in a radiating fashion, to have hydrophilic functional group 
arranged outside, and to dissolve in water in the same manner as the micelle does. If we express 
this in general formulae, such polymers as, 

CH3 = CH - (CH3)m - Y - (CH3)n - X 

CH3 = CH - (CH3)m - X - (CFb)n - Y 

CH3 = CH - (CH3)m - Y - (CH3)n - X - (CH3)pH 

2 Reference; E. D. Sprague, D. C. Duecker, C. E. Larrabee, Jr, J. An. Chem.Soc. 103, 6797 
(1981); L.Nardi, J. Chromatogr., 463, 81 (1989). 



CH3 = CH - (CH3)m - X ^H3)n - Y - (CH3)pH 
are considered. f i 

In these formulae, X represents an ionic functional group or a non-ionic hydrophilic functional 
group such as polyhydroxy, polyalkoxyl, and Y represents a functional group selected from amid, 
carbonyl group, hydroxyl group, thiol group, and hetero ring, and m and n are numbers which 
satisfy m > 1, n > 1, and m + n = 5 ~ 30. 

E. Examples 

A Synthesis Method of Polymers 

The following illustrates a synthesis of a long-ring alkenyl derivative which contains a carboxyl 
group and an ammonium group, and an amid group as a second functional group, a method of 
vinyl polymerization by using it as a monomer, and a method of refining a giant molecule structure 
obtained by this polymerization. 

As a method of introducing amid group as the second functional group, it is possible to form acyl 
amino alkene acid by reacting alkenoyl chloride with a double bond at w-level to amino alkane 
acid and to derive that sodium hydroxide salt into an anion-type interfacial active agent. This 
interfacial active agent forms micelles by aggregating hydrophilically in water and synthesizes a 
hydrophilic polymer by light polymerization of the double bond at (o-level concentrating on the 
micelle core. 

We also carried out a polymerization of a cation-type interfacial active agent along with the 
polymerization of an anion-type interfacial active agent. We react an active ester of amino alkane 
acid whose N-terminal is protected (such as N-hydroxy amber acid imido ester) to a w-level 
promoalkylamin, deprotect the resulting amino derivative and derive an amid derivative, and react 
that with alkenoyl chloride. Then we react this product to a trialkyl amine, and produce a fourth- 
class-ammonium-type interfacial active agent. We then synthesize a polymer by light 
polymerization in water, in the same method as the interfacial active agent which is explained 
above. 



Example 1 

The synthesis of an optically active anion-type micelle-like giant molecule. 

a) N-(10-undecenoyl)-L-valine (1) 

Dissolve L-valine (3.49g) and sodium hydrogen carbonate (2.76g) into 267ml water, add 10- 
undecenoyl-N-hydroxy amber acid imido ester (9.23g; mp 56-57C) 3 which is dissolved in 
267ml of tetrahydrofuran (THF), and stir it for twenty-four hours at the room temperature. After 
setting the reacted solution into pH2 with 1% dilute hydrochloric acid, leave the organic solvent 
under decompression. Extract the specified substance from the aquatic phase by ethyl acetate, 
dehydrate the organic phase by sulfuric anhydride sodium, and leave the solvent under 
decompression. Filtrate the residue, recrystallize from hexane ethyl acetate, and obtain 6.37g of the 
specified substance (yield |87.4%; mp 96c). 

b) N-(10-undecenoyl)-L-valine-sodium salt (2) (illustrated in Figure 1) 

Dissolve (1) (6.1g) in 15ml of methanol, dissolve sodium hydroxide (0.82g) in 25ml of 
methanol and add it with cooling them down in ice. After leaving the solvent, desiccate the 
residue, and clean this residue with atcen using Soxhlet extractor. After decompression and 
desiccation, obtain 4.17g of the specified substance. 

c) Polymer of (2) (3) 

Dissolve (2) (3.06g) in 100ml of 0.3M sodium chloride, irradiate the aqueous solution of .45 [i 
a to ultraviolet light using a low pressure mercury lamp (120V) for twenty-three hours. Dialyze the 

3 We confirmed the formation of the specified substance by H-NMR. 



reacted solution using a cellofHne film which has an elimination limit ^500, and eliminate low 
molecular weight substance. Obtain the specified substance of 2.78g by freeze-drying the remnant 
solution. We confirmed that the vinyl hydrogen and the vinyl carbon dissipated upon 
polymerization using H and C-NMR, and gave approximately 13500 of the average molecular 
weight for the product by the gel penetration chromatography (GPC) using purine as the standard 
substance. 



Example 2 

The Optical Resolution by an Optically Active Polymer (3). 

The Example 2 is the one which isolated the raceme mixture of four kinds of 4-nitrobenzoil 
amino acid isopropyl ester (these amino acids are alanine, valine, leucine, and phenylalanine), 
using an optically active polymer (3). 

Dissolve 153mg of polymer (3) in 10ml aqueous solution of 0.02N potassium chloride to be 
used as migration solution. As an isolation capillary, use a fused silica tube (DB-1 ; J&W 
Scientific) coated with dimethyl polisiloxane which has 50^m of inside diameter and 70 cm of 
length (50 cm of effective length). 

For detection, we used Gas-Chro Industries Model 502U ultraviolet/visible detecter and the On- 
Column method. We dissolved the sample in methanol, injected it by dropping it, and measured at 
the room temperature (26C) under the condition of a constant electric current (20 mA). 

Figure 3 illustrates the resolution of racemic structure of 4-nitrobenzoil amino acid isopropyl 
ester by a micelle electro-phoresis using an optically active polymer (3). Peaks 2 and 3 indicate 
alanine derivatives, peaks 4 and 5 valine derivatives, peaks 6 and 7 leucine derivatives, and peaks 
8 and 9 phenylalanine derivatives. It is shown that D antipode elutes ahead of L antipode in any 
derivative. 



Example 3 

A Synthesis of a Cation-Type Micelle-Like Giant Molecule (4). 

a) Benzilloxycarbonyl (z)-L-valine-3-promopropyl amid (5) 

Add 300ml of chloroform and 100ml of water to z-L-valine-N-hydroxy amber acid imido ester 
(34.45g) 4 , 3-promopropyl amine hydrogen bromide (26.06g), and sodium hydrogen carbonate 
(18.33g), strongly stir them for a day. Clean chloroform layer with water, then with 5% of 
hydrochloric acid aqueous solution, dehydrate it by sodium sulfuric anhydride, and leave the 
solvent under decompression. Recrystallize the residue from hexanol ethyl acetate and obtain 
34.43g of the specified substance (yield 93.8%; mp 167-168). 

b) N-(10-undecenoyl)-L-valine-3-promopropyl amid (6) 

Dissolve 8.0g of the compound (5) in 15ml of 25% hydrogen bromide/acetic acid solution and 
leave them at the room temperature for two hours. Add 100ml of ethel anhydride as reaction 
solution, cool them with ice, and clean it with decantation. After drying the oily residue under 
decompression, dissolve it in 200ml of chloroform, add sodium hydrogen carbonate (3.6g), and 
strongly stir that at the room temperature. Drip 4.63ml of 10-undecenoyl chloride and 100ml of 
water for twenty minutes, and one hour later, clean the chloroform layer with water, then with 5% 
hydrochloric acid aqueous solution, dehydrate it with sodium sulfate anhydride, and leave the 
solvent under decompression. Recrystallize the residue from ethel-acetone and obtain 5.24g of the 
specified substance (yield 52%; mp 1 19- 121C). We confirmed the formation of the specified 
substance by H-NMR. 

c) 3-(N-10-undecenoyl-L-valine amino) propyltrimethyl ammonium promid (7) 
4 We confirmed the formation of the specified substance by H-NMR. 



Add 181 ,56ml of trimethyMiine / 2-propanol solution (0.654 m mo^l) to 15.96g of the 
compound (6), re-heat up and reflux them, and filtrate the compound powder. Recrystallize this 
powder from ethyl acetate-2-propanol and obtain 10.51g of the specified substance (yield 80%; mp 
148-150C). We confirmed the formation of the specified substance by H-NMR. 

d) Polymer (4) 

Composite in the same manner as the above mentioned polymer (3). Using H- and C-NMR, we 
confirmed that the vinyl hydrogen and the vinyl carbon dissipated by the polymerization after the 
irradiation of light for sixteen hours. We gave roughly 7600 of average molecular weight for the 
product from the GPC using purine as the standard material. 

Other than these examples, we can obtain the giant molecule structure at a high yield by an 
ultraviolet irradiation after the formation of a micelle in water from such ionic alkene derivatives as 
o-alkenoate, co-alkenylsulfonate, and oo-alkenyl phosphate, which have a carbon value between 5 
and 30 and contain as a polar group such ions as carboxylate, sulfurate, phosphate, and 
ammonium, etc., or polyhydroxy, polyalkoxyl group, and ionic alkene derivatives such as 
polyethylene glycol, o-alkenyl ethyl, co-alkenyl, glycoside, etc. 

We can also obtain the giant molecule structure at a high yield by an ultraviolet irradiation after 
the formation of a micelle in water from adding amid, carbonyl group, hydroxyl group, thiol group 
and such hetero rings as imidazole, and other functional groups and substitute groups as a second 
functional group (Y) to the structure stated above. 

F. The Effect of the Invention. 

The effects of this invention are as follows. 

The giant molecule structure obtained by this invention is different from standard interfacial 
active agents in that we can immediately obtain the micelle-like solution by dissolving that in water 
regardless of the concentration, and by that addition, for example, the new solute isolation system 
was developed using the electro chromatography. 

4. The Brief Explanation of the Figures. 

Figure 1 is the structure of a N-(10-undecenoyl)-L-valine-sodium salt, Figure 2 is the structure 
of a3-(N-10-undecenoyl-L-valil amino) propyl trimethyl ammonium promid, and Figure 3 is a 
graph indicating the resolution of racemic structure of a 4-nitrobenzoil amino acid isopropyl ester 
by "micelle electro phoresis" which uses an optically active polymer 3. 

The patent applicant ShojiHara 

The agent-lawyer Mitsuo Takahashi 
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